OC differentiation
The only cell capable of removing both the organic and inorganic matrices of bone is the OC, a multinucleated cell derived from fusion of bone marrow cells in the monocyte/macrophage lineage (Ikeda et al., 1998) . Like other monocyte/macrophages, they require the growth factor M-CSF to interact with its receptor c-Fms, a receptor tyrosine kinase (RTK), which provides proliferative signals to the precursors as well as survival signals for mature cells (Ross and Teitelbaum, 2005) . Differentiation to the OC lineage also requires Receptor Activator of NF-kB Ligand (RANKL), a TNF family cytokine that binds to the receptor RANK (Lacey et al., 1998; Yasuda et al., 1998) . RANK is related to other TNF receptors, and has a long cytoplasmic tail that complexes with signaling modules activating NF-kB, JNK/AP1, Ca/calmodulin, c-Src and PI3K pathways (Novack and Teitelbaum, 2008) . Signaling via RANK requires costimulation via one of 2 ITAM-containing receptors, DAP12 and FcRg (Koga et al., 2004; Mocsai et al., 2004) . For differentiation, cooperative activation of the NF-kB, JNK/AP1, and Ca/calmodulin pathways leads to activation of the transcription factor NFATc1, a primary driver of expression of many genes required for OC function, including cathepsin K, b3 integrin, and calcitonin receptor (Ikeda et al., 2004) .
NF-kB activity is one of the earliest signals following RANKL stimulation, and is required for precursor survival during commitment to the OC lineage (Vaira et al., 2008a) as well as for full differentiation (Vaira et al., 2008b) . OCs can be differentiated in vitro from bone marrow derived macrophages by treatment with soluble M-CSF and RANKL. In vivo, OBs and their precursors appear to be the most important source of both M-CSF and RANKL for osteoclastogenesis (Tsurukai et al., 2000) .
Another necessary feature of OC differentiation is fusion of mononuclear precursors to form the mature polykaryon. Transmembrane proteins DC-STAMP and Atp6v0d2, a subunit of the vacuolar ATPase, are required for OC multinucleation, and both are As the skeleton ages, the balanced formation and resorption of normal bone remodeling is lost, and bone loss predominates. The osteoclast is the specialized cell that is responsible for bone resorption. It is a highly polarized cell that must adhere to the bone surface and migrate along it while resorbing, and cytoskeletal reorganization is critical. Podosomes, highly dynamic actin structures, mediate osteoclast motility. Resorbing osteoclasts form a related actin complex, the sealing zone, which provides the boundary for the resorptive microenvironment. Similar to podosomes, the sealing zone rearranges itself to allow continuous resorption while the cell is moving. The major adhesive protein controlling the cytoskeleton is avb3 integrin, which collaborates with the growth factor M-CSF and the ITAM receptor DAP12. In this review, we discuss the signaling complexes assembled by these molecules at the membrane, and their downstream mediators that control OC motility and function via the cytoskeleton.
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